Two trials were conducted with a total of 12 beef heifers and steers to determine the effect of 48-hr deprivation of feed or water or both on rectal temperature, respiratory and heart rates, electrocardiograph (EKG) patterns, packed cell volume (PCV) and the concentrations of serum sodium, potassium, calcium and magnesium. The same measurements plus the serum concentration of total acid-soluble phosphorus were made in a third trial with six steers and a 96-hr deprivation period. A fourth trial was conducted with three rumen fistulated steers to determine the effect of manually emptying the rumen on EKG patterns, Deprivation of feed or water or both for 96 hr reduced (P<.05) rectal temperature by 1.5% and respiratory rate by 47% and increased (P<.05) P and R EKG amplitudes by 33% and 35%, respectively, PCB by 21% and serum phosphorus by 43%. Deprivation reduced heart rate 19% and increased serum sodium and potassium 12 and 23%, respectively, but these changes were not significant. These changes appeared smaller and less consistent for animals deprived for 48 hours. The physiological changes associated with both 48-hr and 96-hr deprivation were most pronounced during the deprivation period and for 24 hr after reintroduction of feed and water with little evidence of treatment effects 48 hr after the reintroduction of feed and water. For animals deprived 96 hr, changes in respiratory rate (P<.01), PCV (P~.05) and serum phosphorus (P<.05) were greater for the animals fed concentrate than for those fed forage; changes in heart rate and the P-R and T-P EKG intervals tended to be greater for the animals deprived of both feed and water than for animals deprived of feed or water alone. Manually emptying the rumen had little effect on EKG patterns. In the absence of engorgement after a deprivation period as long as 96 hr, the measurements in this study indicated that beef cattle return quickly to a physiologically normal state.
SUMMARY
Two trials were conducted with a total of 12 beef heifers and steers to determine the effect of 48-hr deprivation of feed or water or both on rectal temperature, respiratory and heart rates, electrocardiograph (EKG) patterns, packed cell volume (PCV) and the concentrations of serum sodium, potassium, calcium and magnesium. The same measurements plus the serum concentration of total acid-soluble phosphorus were made in a third trial with six steers and a 96-hr deprivation period. A fourth trial was conducted with three rumen fistulated steers to determine the effect of manually emptying the rumen on EKG patterns, Deprivation of feed or water or both for 96 hr reduced (P<.05) rectal temperature by 1.5% and respiratory rate by 47% and increased (P<.05) P and R EKG amplitudes by 33% and 35%, respectively, PCB by 21% and serum phosphorus by 43%. Deprivation reduced heart rate 19% and increased serum sodium and potassium 12 and 23%, respectively, but these changes were not significant. These changes appeared smaller and less consistent for animals deprived for 48 hours. The physiological changes associated with both 48-hr and 96-hr deprivation were most pronounced during the deprivation period and for 24 hr after reintroduction of feed and water with little evidence of treatment effects 48 hr after the reintroduction of feed and water. For animals deprived 96 hr, changes in respiratory rate (P<.01), PCV (P~.05) and serum phosphorus (P<.05) were greater for the animals fed concentrate than for those fed Agricultural Research Service, Nutrition Institute, Ruminant Nutrition Laboratory, Beltsville Agricultural Research Center, Beltsville, Md. 20705.
2 The authors gratefully acknowledge the assistance of Messrs. E. E. Williams, A. D. Evans and L. I. Colbert in obtaining the physiological measurements in these trials.
forage; changes in heart rate and the P-R and T-P EKG intervals tended to be greater for the animals deprived of both feed and water than for animals deprived of feed or water alone. Manually emptying the rumen had little effect on EKG patterns. In the absence of engorgement after a deprivation period as long as 96 hr, the measurements in this study indicated that beef cattle return quickly to a physiologically normal state. (Key Words: Beef, Fasting, Cardiorespiratory, Electrocardiograph, Refeeding, Ruminant.)
INTRODUCTION
Adequate feed and water are essential for the maintenance of homeostasis. Cardiorespiratory patterns, body temperature, serum electrolytes and packed cell volume (PCV) have been shown to be sensitive to restricted feed and water intake in both nonruminants (Doerr and Hokanson, 1968; Sullivan et al., 1969; Faridy, 1970) and ruminants (Szabuniewicz and Clark, 1965; Taneja, 1966) . Restricting the water intake of sheep in an arid climate reduced respiratory rate and increased body temperature and PCV (Taneja, 1966) . Dehydration in goats lowered body temperature and respiratory rate and increased heart rate and serum potassium (K) concentration (Szabuniewicz and Clark, 1965) . Fasting was shown to increase serum phosphorus (P) in deer (Hershberger and Cowan, 1972) . The availability of feed, water or both to livestock is sometimes limited for short periods of time during animal transport, by uncontrollable environmental conditions (Carroll and Hoerlein, 1966; Taneja, 1966) and by experimental conditions such as feed deprivation before a period of engorgement; a method used to produce lactic acidosis in the rumen (Broberg, 1960; Slyter et al., 1974) .
However, there is a lack of information which shows the extent of physiological change in ruminants during and after short-term feed and 1227 JOURNAL OF ANIMAL SCIENCE, Vol. 4-2, No. 5, 1976 water deprivation, particularly in the absence of acute metabolic dysfunction or dehydration.
The purpose of the present series of trials was to determine the extent to which 48-or 96-hr feed and water deprivation affects the physiological status of beef cattle by using heart rate, respiratory rate, EKG patterns, body temperature, serum electrolyte concentrations and PCV as indicators of physiological change. Emphasis was placed on the degree of change during deprivation and on the length of time required to return to normal after the reintroduction of feed and water.
EXPERIMENTAL PROCEDURES
Trial 1. This trial was designed to determine whether marked physiological changes occur after 48 hr of feed and water deprivation. Six beef animals (five heifers and one steer) with an average body weight of 365 kg were housed in individual pens with concrete floors; no bedding was used during the trial. Three heifers were fed ad libitum an all-concentrate diet, and two heifers and one steer were fed an 88% forage diet for at least 4 weeks. Composition of each diet is shown in table 1. Within each dietary treatment, one animal was assigned to a 48-hr deprivation of feed, one animal to a 48-hr deprivation of water and one animal to a 48-hr deprivation of both feed and water.
Rectal temperature, electrocardiograph (EKG) patterns (Rumsey et al., 1967) , heart rate, respiratory rate, packed cell volume (PCV) and serum concentrations of sodium (Na), potassium (K), calcium (Ca) and magnesium (Mg) were determined before deprivation, after the 48-hr deprivation period (0hr) and at 2, 4, 8, 24 and 48 hr after the reintroduction of feed and water. The serum minerals were measured by using atomic absorption spectrophotometry (Anonymous, 1966) . The animals were observed closely after the introduction of feed and water for abnormal intake patterns, diarrhea and visual signs of acidosis.
The data were statistically evaluated by using analysis of variance (Steel and Torrie, 1960) . The analysis contained diet, deprivation and time as fixed main effects with 1, 2 and 6 degrees of freedom, respectively; diet by deprivation, diet by time and deprivation by time as interactions with 2, 6 and 12 degrees of freedom, respectively, and a residual with 12 degrees of freedom 9 Although the use of a single sex would have been more desirable, it was assumed that any marked physiological changes caused by feed or water deprivation would be similar in both heifers and steers, thus, animals available at the time were used. Dunnett's two-sided comparison was used to determine individual mean differences with time by comparing the means for each time after deprivation with the predeprivation mean (Dunnett, 1964) .
Trial 2. Three sets of monozygotic twin steers with an average body weight of 300 kg were housed in individual pens with concrete floors. All steers were fed ad libitum a 30% forage diet (table 1) . Three steers, one from each twin set, were used initially. One steer was deprived of feed for 48 hr, one steer was deprived of water for 48 hr and one steer was deprived of both feed and water for 48 hours. Electrocardiograph patterns, heart rate and respiratory rate were obtained from the three steers before deprivation, after the 48-hr deprivation period (0hr) and at 24, 48 and 72 hr after the reintroduction of feed and water. The experimental protocol was repeated with the 88% forage diet (table 1) by using the other three steers from the twin sets and repeated a third time with the all-concentrate diet (table  1) by using the first group of three steers. The steers were managed and observed the same as in trial 1 with at least a 4-week adaptation to each diet before deprivation. This trial was part of a larger trial which utilized the aspect of twin sets of steers to study the feeding patterns associated with feed and water deprivation (Bond et al., 1973) . Statistical analysis of the data from this trial was the same as in trial 1. Diet, deprivation and time were included as fixed main effects with 2, 2 and 4 degrees of freedom, respectively; diet by deprivation, diet by time and deprivation by time were included as interactions with 4, 8 and 8 degrees of freedom, respectively, and the residual contained 16 degrees of freedom. Diet was confounded with period in this trial; however, the steers were maintained in a relatively constant environment during the trial. Dunnett's twosided comparison was used in this trial as in trial 1. Trial 3. Six steers with an average body weight of 370 kg were fed ad libiturn either the all-concentrate or the 88% forage diet shown in table 1 ; three steers were assigned to each diet. Within each dietary treatment, one steer was deprived of feed for 96 hr, one steer was deprived of water for 96 hr and one steer was deprived of both feed and water for 96 hours. The same measurements as in trial 1 plus the serum concentration of total acid-soluble phosphorus (Hawk et al., 1947) were obtained before deprivation, after the 96-hr deprivation period (0hr) and at 2, 4, 6, 8, 24, 48, 72 and 96 hr after the reintroduction of feed and water. Steers on the all-concentrate diet were then switched to the 88% forage diet and vice versa, and 4 weeks later the experimental protocol was repeated. The steers assigned to feed deprivation, water deprivation and both feed and water deprivation treatments in the first replication were assigned to the same deprivation treatments in the second replication. The steers were managed and observed as in trial 1, and the data were statistically evaluated by using a split-plot analysis of variance and Dunnett's procedures. Diet, deprivation and diet by deprivation with 1, 2 and 2 degrees of freedom, respectively, were the whole plot factors with replication within diet • deprivation as the whole plot error with 6 degrees of freedom. Time, time by diet and time by deprivation with 9, 9 and 18 degrees of freedom were the split-plot factors with a split-plot residual of 69 degrees of freedom.
Trial 4. This trial was conducted to determine whether ruminal fill physically influences EKG patterns. Three beef steers averaging 475 kg body weight and fitted with ruminal cannulas were managed the same as the steers in the previous trials. The steers were fed ad libitum the 88% forage diet (table 1) for at least 4 weeks. This diet was fed to maximize rumen fill. Electrocardiograph patterns were obtained from each steer at 11:00 am after the steer was prepared for rumen emptying but while the rumen was full (time 1). Within 30 min after the initial EKG pattern was obtained from each steer, the ruminal contents were manually removed and EKG patterns were obtained while the rumen was empty (time 2). The steers were accustomed to the handling and rumen emptying procedures because of their use in other trials; therefore, animal excitement was not a problem. The ruminal contents were returned to the rumen, each steer was returned to its pen where feed and water were available ad libitum and at 11:00 am the next day EKG patterns were obtained again while the rumen was full (time 3). The measurements obtained at the three different times were compared by using analysis of variance and orthogonal comparisons in which time 1 vs time 3, and times 1 and 3 vs time 2 were compared with 6 degrees of freedom for error.
R ESU LTS
Trial 1. There were no abnormal intakes or conditions of apparent diarrhea or metabolic dysfunction observed in any of the animals in this trial. After feed deprivation, the concentrate and forage-fed animals consumed 9 kg and 3 kg, respectively, during the first 5 hr after reintroduction of feed and water; the 5-hr consumption period corresponded to the interval when a large part of the morning intake occurred under normal ad libiturn feeding. Disruption in normal intake was not apparent 
after the reintroduction of feed and water. The Q-T interval was 10.3% (P<.01) greater and the R amplitude was 53% (P<.01) less in the forage fed animals compared to the concentrate fed animals. These differences remained parallel with time during the study indicating animals on either diet responded similarly to deprivation and reintroduction of feed and water. There was little difference between diets for the other EKG measurements.
Average rectal temperature, respiratory rate and heart rate of the animals in trial 1 are shown in table 2. The EKG intervals and amplitudes of the same animals are shown in table 3. Diet or the type of deprivation had no significant effect on the relative change in rectal temperature, respiratory rate, heart rate and EKG measurements with time. Thus, averages across experimental treatments are shown with time relative to deprivation. Rectal temperature, respiratory rate and heart rate were all lower (P<.05) after a 48-hr deprivation than before deprivation. Rectal temperature tended to remain somewhat lower after reintroduction of feed, water or both than before deprivation. Respiratory rate and heart rate returned to the predeprivation range 2 hr after reintroduction of feed, water or both. However, heart rate decreased significantly 48 hr after reintroduction of feed, water or both to a rate similar to that of 48-hr deprived animals. The significant differences found for the Q-T, T and T-P intervals were inverse to heart rate changes as would normally occur with an increase in the length of the EKG pattern. There was considerable variation in the P, R and T amplitudes, but no significant trends associated with treatment or time were apparent.
Packed cell volume was 6.2% greater (P<.O1), serum Mg was 12.6% greater (P<.O1) and serum Ca was 3.1% greater (P<.05) in the forage fed animals compared to the concentrate fed animals and these differences were consistent with time.
Average blood measurements across treatments are shown in table 4. Diet or the type of deprivation had no significant effect on the change in blood measurements with time. Packed cell volume was greater (P<.05) after deprivation and 2 hr after reintroduction of feed, water or both than before deprivation, but was equal to the predeprivation level at 8, 24 and 48 hours. Serum minerals were not significantly changed; however, changes in Na concentration paralleled the PCV changes.
Trial 2. Respiratory rate, heart rate and EKG measurements are shown in tables 2 and 3. For the steers fed the 88% forage diet, the Q-T interval was 10% greater (P<.05), the T interval 25% less (P<.05) and the P amplitude 31% greater (P<.01) than for the steers fed the other diets. Diet or the type of deprivation had no significant effect on the relative changes in heart rate, respiratory rate and EKG measurements with time. A trend was noted for a lower heart rate and increased Q-T and T-P intervals after the 48-hr deprivation than before deprivation. The steers in this trial, as in trial 1, ate and Ccommon standard error of mean taken from analysis of variance.
dsignificant effect due to hours (P<.O1).
esignificantly different from respective mean before deprivation (P<.O5) as determined by using Dunnett's procedure. As in trial 1, there were no noticeable abnormal intakes or conditions of diarrhea or metabolic dysfunction in this trial except that the animals deprived of water tended to have watery feces for approximately 16 hr after reintroduction of water. Average feed intake of the forage-and concentrate-fed animals for 5 hr after reintroduction of feed and water was 2.7 and 4.9 kg, respectively.
Rectal temperature, respiratory rate, heart rate and EKG measurements of the various times relative to deprivation for the animals in trial 3 are shown in table 5. Rectal temperature and respiratory rate were lower (P<.05) after the 96-hr deprivation and 2 hr after reintroduction of feed, water or both than before deprivation. Rectal temperature from 4 to 96 hr after the reintroduction of feed, water or both was not different from predeprivation temperature, a trend that differs from results in trial 1. Respiratory rate returned to the predeprivation range at 4, 6 and 8 hr after the reintroduction of feed, water or both. Respiratory rate was significantly lower than the predeprivation rate (P<.05) at 24 and 48 hr after reintroduction of feed, water or both but again returned to the predeprivation range at 72 and 96 hours. Considerable variation was noted in heart rate, but no significant differences were obtained. However, a trend with time relative to deprivation was apparent that was similar to the variations in heart rate observed in trials 1 and 2. Also, in this trial, as in trials 1 and 2, the Q-T (P<.05) and T-P (P<.01) intervals varied inversely with heart rate. After the 96-hr deprivation, the P and R amplitudes were significantly greater (P<.05) than the predeprivation amplitudes, and they remained greater up to 4 hr after the reintroduction of feed, water or both. As in trials 1 and 2, considerable variation was noted in the T amplitude in this trial, but there were no consistent trends related to treatment or time.
Serum concentrations of Na, K, Ca and Mg at the various times relative to deprivation are shown in table 6. No significant differences were noted; however, Na, as in trial 1, and K tended to be higher after deprivation than before, but they returned to near normal levels within 8 hr after the reintroduction of feed, water or both.
In this trial, the changes in respiratory rate, PCV and serum phosphorus concentration with
time relative to deprivation (figure 1) were dependent on diet (P<.05). During deprivation and the first 24 hr after reintroduction of feed, water or both, changes were more pronounced for animals fed the concentrate diet. Changes in the P-R and T-P EKG intervals with time relative to deprivation were dependent on the type of restriction (P<.05). These changes, along with heart rate, are shown in figure 2. The T-P changes were almost entirely inversely related to changes noted for heart rate. The same relationship to heart rate was generally true for the P-R interval in animals deprived only of feed and of both feed and water. In animals deprived only of water, changes in the P-R interval tended to parallel the changes in heart rate during deprivation and up to 6 hr after the reintroduction of water.
Trial 4. The EKG patterns of steers with full and empty rumens are shown in table 7. No significant differences were noted in this trial. The Q-T interval was the only EKG measurement that showed a consistent trend; the interval in all steers was higher with empty rumens than with full rumens. The Q-T interval trend was similar to the difference between the Q-T interval before and after the 96-hr deprivation in trial 3. Approximately all of the main effect variance was attributed to the comparison of empty rumen vs full rumen measurements.
Discussion
Several trials have been reported which describe some general physiological changes associated with feed and water deprivation in laboratory animals. McFarland and Wright (1969) in research with doves and Campbell and Lynch (1968) and Bolles and Duncan (1969) in research with rats found that feed and water deprivation lowered body temperature; feed deprivation appeared to have a more marked effect than water deprivation. Sullivan et al. (1969) found that feed deprivation reduced heart rate of pigs. Goldstein et al. (1970) found that heart rate of rats was reduced to a greater extent during feed deprivation than during water deprivation and Doerr and Hokanson (1968) found a progressive Figure 2 . Effect of 96-hr feed and water deprivation on heart rate and the P-R and T-P EKG intervals of beef steers (trial 3). Before deprivation = -96 hr, end of deprivation = 0 hr and time after reintroduction of feed and water = 0 to 96 hour. aEach value is a mean of three animals.
bcommon standard error of mean taken from analysis of variance.
decrease in heart rate of rats as the length of feed deprivation increased to 72 hours. Jolley (1970) did not find a significant reduction in heart rate of rats deprived of feed up to 72 hr, but found a significant increase in heart rate after refeeding. Decreased blood volume and increased PCV, serum Na and serum K in rats were found with feed and deprivation (Sullivan et al., 1969; Faridy, 1970) ; the increases in blood parameters were more pronounced during water deprivation. The physiological changes noted during deprivation in the current trials with cattle are in general agreement with the changes reported for laboratory animals. However, these trials are not comparable on the basis of absolute length of the deprivation period or the degree of physiological change. The large volume of the rumen serves to buffer the effects of deprivation in cattle. Nemecek (1968) was not able to produce EKG and respiratory changes in cattle deprived of feed for 24 hours. In the current set of trials, physiological changes were not consistently produced by a 48-hr deprivation, but substantial changes and treatment effects were produced by 96-hr deprivation.
In a trial closely aligned to the current trials, Taneja (1966) related limited water intake (3/4 to 1/16 of ad libitum intake) to the well being of sheep in arid climates. Limited water intake reduced respiratory rate and increased PCV as in the current trials when cattle were deprived of water. Water restriction increased rectal temperature of sheep, presumably because the ambient temperature of the arid climate approached 41.5 C, a temperature greater than the normal body temperature of sheep. Ambient temperature was at least 10 C below body temperature in the current trials. As in the current trials, Szabuniewicz and Clark (1965) reported lower body temperature and respiratory rate and increased heart rate in dehydrated goats. Hershberger and Cowan (1972) found increased serum phosphorus concentrations in fasted deer; this finding agrees with data in the current trials.
There were few differences between the effects of feed deprivation, water deprivation and both feed and water deprivation in the current trials, probably because the deprivation periods were not long enough for differences in these effects to become apparent. Restricted intake of feed will decrease water intake and vice versa (Wilson, 1970; MacFarland and Wright, 1969; Bond et al., 1973) . Thus, under conditions of moderate deprivation, separation of the effects of feed and water deprivation may not be possible. In the current trials, after a 48-hr deprivation, physiological changes specific to feed and to water deprivation were not observed; however, some changes specifically associated with treatment were observed after a 96-hr deprivation. For those measurements that were affected by diet and type of deprivation, fluctuations were apparently greater when the concentrate diet was fed and when both feed and water were withheld, in general, after a 96-hr deprivation, rectal temperature decreased 1.5% (P<.05), respiratory rate decreased 47% (P<.05), heart rate decreased 19% (not significant), PCV increased 21% (P<.05) and serum phosphorus concentration increased 43% (P<.05). Nonsignificant inc,'eases of 12% and 23% were noted for the concentrations of serum Na and K, respectively. Changes in the EKG intervals were indicative of changes normally correlated with variations in heart rate except for the P-R interval in water deprived animals. The P-R interval in water-deprived animals tended to be positively rather than negatively correlated with heart rate changes; the reason for this apparent reversal in the relationship between P-R interval and heart rate is not understood. Increases of 33% and 35% for the P and R amplitudes, respectively, and a trend toward elevated serum potassium are in agreement with similar observations in the dehydrated goat (Szabuniewicz and Clark, 1965) . The EKG changes may have been due to physical shifts in the position of the heart muscle (Guyton, 1961) , however, this possibility was not totally supported by the results of trial 4. The Q-T interval was the only EKG measurement that may have been related to the emptying of the rumen.
On the basis of the measurements obtained in the current trials, changes were most pronounced during the deprivation period and within the first 24-hr after reintroduction of feed and water. However, the animals in these trials did not engorge themselves after the reintroduction of feed; engorgement is a condition predisposing to acidosis, and, although the 96-hr water deprived animals tended to have watery feces for a short period after reintroduction of water, the data do not indicate a severe electrolyte imbalance. Thus, in the absence of these dysfunctions, the measurements in these trials suggest only nominal physiological changes occur during feed and water depri.va~ tion periods up to 96-hr;returning to normal within a short period of time.
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